Wheat production in the Brazilian cerrado faces major challenges, especially for not being a traditionally wheat region and the occurrence of hot and dry winters. The objective of this study was to evaluate the residual effect of the previous crops corn and Urochloa ruziziensis (R. Germ & Evrard), in single cropping and intercropping, with and without seed inoculation with Azospirillum brasilense and topdress nitrogen fertilization (N), on the development and yield of wheat. The experiment was conducted in Selvíria, MS, in 2011/12. The experiment was arranged in an 8x4 factorial randomized block design, with four replications. The treatments consisted of a combination of crop residues (corn, Urochloa ruziziensis and Azospirillum brasilense) and topdress N rates (0, 30, 60 and 90 kg ha -1 ) applied to wheat. The following evaluations were carried out: the amount of residual vegetation cover, agronomic characteristics, yield components and yield of wheat. There were positive effects of the previous crops on the yield of the succeeding wheat crop, and the intercropping corn x Urochloa ruziziensis, with or without inoculation, was an excellent management choice; increasing N rates in topdress up to 90 kg ha -1 increased the yield of irrigated wheat, depending on the previous crop. 
INTRODUCTION
Wheat is very important in the agricultural production system of southern midwest region of Brazil as an economically viable alternative for crop rotation system, aiming to increase mainly the production of straw and grain yield in no-till systems, as well as reduction of pests and pathogens, among others (Piccinin et al., 2013) .
Initially, the introduction of wheat in areas originally covered with vegetation of cerrado faced problems of cultivar adaptation. Thus, there is need for information on soil and water management for wheat production in these regions, providing increases in crop yield (Souza, 2003) .
The no-till system is adopted for wheat production in Brazil, and knowledge on previous crop covers and their residual effects on succeeding crops is essential for a correct adoption of the system.
The numerous crop species previously cultivated provide variable residual effects, and the recommendation is the use of those with greater potential for increasing yield of economic crops (Aita et al., 2001) , since the actual amount of nutrients used by the new crop will depend not only on the capacity of nutrient and cycling accumulation, as well as the timing between the decomposition of biomass and the period of higher demand by the new crop (Bredemeier & Mundstock, 2001) .
Nitrogen is an important nutrient for the crop and may be limiting for the growth of plants when not adequately supplied (Oliveira et al., 2005) . However, a significant portion of the nitrogen applied as mineral fertilizer is lost through leaching, denitrification and volatilization. Thus, the major challenge in N management is to increase the amount absorbed by plants, and, at the same time, decrease the losses due to the complexity of soil and plant interactions (Nunes et al., 2011) .
Previous crops play an important role in this interaction, and the management adopted can benefit the succeeding crop. Plant-growth-promoting bacteria can help, by different mechanisms, in nitrogen nutrition of crops (Sala et al., 2008) . According to Alvarez et al. (1996) , bacteria of the genus Azospirillum, besides being asymbiotic N 2 fixing, are also considered plant growth-promoting rhizobacteria commonly associated with cereal roots, mainly grasses. Hungria et al. (2010) evaluated the inoculation of Azospirillum brasilense in wheat and maize and reported significant yield responses when compared with the noninoculated control.
There is currently an optimistic expectation in relation to the management of production systems; one of these forms of management is the association of Azospirillum brasilense with grasses (corn single crop and corn intercropped with Urochloa ruziziensis R. Germ & Evrar) in the summer and off-season, in many regions of the Brazilian cerrado. Thus, the cover crop cultivation, preceding wheat irrigated by spraying may result in increased grain yield, enhancement of plant residues left on the soil surface (straw), which is fundamental to the sustainability of no tillage system in the long term and, hence, to reduce the costs of nitrogen fertilizer in the succeeding wheat crop.
In this context, the objective of this study was to evaluate the influence of the preceding crop, consisting of corn and Urochloa ruziziensis, and topdress nitrogen rates, on the development and grain yield of no-tillage wheat in a low-altitude cerrado region.
MATERIAL AND METHODS

Experimental area
This study was carried out in the Teaching and Research Farm of the Universidade Estadual Paulista "Julio de Mesquita Filho", located in Selvíria, MS, 51º 22' W and 20º 22' S, 335m altitude, in the 2011/12 agricultural year. The soil is classified as an Oxisol, epi-eutrophic Alic, clayey, according to Embrapa (2013) . The area was originally occupied by cerrado vegetation and has been cultivated with annual crops for almost 30 years. The climate is defined as tropical humid with rainy season in summer and dry in winter (Aw), according to Köppen. The average annual temperature is around 25 °C, annual rainfall avaliações: cobertura vegetal residual (quantidade), características agronômicas, componentes de produção e produtividade da cultura do trigo. As culturas antecessoras apresentaram efeitos positivos na produtividade do trigo cultivado em sucessão, sendo o consórcio de milho e Urochloa ruziziensis, com ou sem inoculação excelente opção de manejo; o incremento da dose de N, em cobertura, até 90 kg ha -1 aumenta a produtividade de grãos de trigo irrigado, dependendo da cultura antecessora.
Palavras chave: Triticum aestivum L.; sistema plantio direto; Zea mays L.; Urochloa ruziziensis R. Germ & Evrard; consórcio; Azospirillum brasilense.
Rev. Ceres, Viçosa, v. 63, n.3, p. 394-402, mai/jun, 2016 of 1.330 mm, and average relative humidity of 66% (Centurion, 1982) . Figure 1 shows 10-day rainfall values and maximum and minimum air temperature recorded during the wheat experimental period.
A composite soil sample was collected in the area, consisting of 20 sub-samples, taken from the 0.00 to 0.20 m layer and homogenized for chemical analysis, according to Raij et al. (1996) , with the following results: P (resin) = 12 mg dm -3
; organic matter = 15 g dm -3
; pH (CaCl 2 ) = 5.1; K, Ca, Mg, Al and H + Al = 2.6; 26; 13; 1 and 16 mmol c dm -3 , respectively, and S = 11 mg dm -3
; V% = 73.
Experimental design
The experiment was arranged in a randomized block design. The treatments were arranged in a 8x4 factorial design, with four replications. The first factor consisted of eight treatments derived from the combination of previous cover crops, with or without seed inoculation with A. brasilense (corn; corn inoculated; U. ruziziensis; U. ruziziensis inoculated; corn + U ruziziensis; corn inoculated + U. ruziziensis; corn + U. ruziziensis inoculated; corn inoculated + U. ruziziensis inoculated). The second factor consisted of four nitrogen rates (0, 30, 60 and 90 kg ha Application of 250 kg ha -1 basic fertilization to wheat was performed using the formula 04-30-10. Nitrogen was applied approximately at 25 DAE, using 0, 30, 60 and 90 kg ha -1 N, according to the treatments, distributed by hand alongside rows, using urea (45% N) as N source. After fertilization, the area was irrigated with 13 mm of water to ) at 9 DAE. During the dry season, the water was supplied to the crop by a center pivot irrigation system, with water depth of approximately 13 mm and 3-day irrigation interval.
Experiment implementation and conduction
Agronomic evaluation
Dry matter mass of previous cover crops was determined after mechanical mowing by collecting plant residues in a 0.25 m² square at two points of each plot. The material was taken to the laboratory, dried in a forced air oven at 65 °C to constant mass, quantified and extrapolated to kg ha -1 . Leaf nitrogen content was determined by collecting 20 flag leaf blades per plot during flowering, which, after drying, were ground in a Wiley mill and then digested by sulfuric acid, as described by Malavolta et al. (1997) . Head number per m 2 was determined at harvest by counting the number of heads at two points of 1-m row within the harvest area of each plot, and expressed as m 2 . Hectoliter mass was determined by weighing a 0.25 L wheat sample, adjusting the mass to 13% moisture and converting to 100 kg L -1
. Grain yield was determined by collecting three 4-m central rows from the harvest area in the plots. The plants were harvested by hand and threshed mechanically, then the grain mass was determined and transformed to kg ha -1 (13% wet basis).
Statistical analysis
Data were examined by analysis of variance and F test. Means of cover crops were compared by the Tukey test at 5% probability. The effect of nitrogen rates was analyzed by polynomial regression. The analyses used the software SISVAR (Ferreira, 2007) .
RESULTS AND DISCUSSION
Seedling emergence occurred uniformly for all treatments, on 13/05/2012, five days after sowing. Full flowering occurred at 50 DAE and the crop had a total cycle of 108 days. During the experiment, there was no water restriction, lodging or plant health problems that could interfere with the development of plants. Table 1 shows significant differences between treatments, and those without intercropping had the largest amounts of straw in the treatments with Urochloa ruziziensis, mainly inoculated Urochloa ruziziensis, which produced more than 11.3 Mg ha -1 of plant residues on the soil surface, and both differed significantly from the corn treatments. Similarly, Reis Jr et al. (2004) found more bacterial associations in Urochloa species that were inoculated with Azospirillum in areas under pastures of the Atlantic Forest. In such work, the authors also confirmed the growth hormone production (IAA -indole acetic acid) for all Azospirillum isolates, relating this fact with the greatest accumulation of dry matter.
Dry mass of previous cover crops
Table 1 also shows that the single corn inoculated with Azospirillum brasilense produced on average 25% more vegetation cover than the treatment without inoculation, which produced the least amount of vegetation. A similar result was obtained by Quadros (2009) studying the inoculation of Azospirillum spp. in seeds of corn genotypes grown in the Rio Grande do Sul, and found increased root volume in the evaluated cultivars and increased dry matter yield of shoots of corn plants inoculated with Azospirillum brasilense, which seems to be related to the increased photosynthetic activity. Similarly, Reis Jr et al. (2008) reported increased dry matter and nutrient accumulation by two corn genotypes inoculated with Azospirillum amazonense under different nitrogen rates.
In addition, according to Okon & Vanderleyden (1997) , the symbiosis between Azospirillum ssp and corn and between Azospirillum ssp and Urochloa would reduce production costs with nitrogen fertilizers and cause less environmental impact.
On the other hand, among the intercropping treatments, those without inoculation of corn and Urochloa with Azospirillum showed the highest production of vegetation cover (10,422 kg ha -1 ). The other treatments had at least one of its components (corn or Urochloa) inoculated and separated by only 0.45 m between rows. Nobrega et al. (2004) discussed that the soil microbial community regulated by the environment and by substrate availability ensure different types of relationships (competitive, antagonistic, associative and symbiotic) between its components, which allows the control of growth and activity of each species, avoiding population explosion and promoting soil microbiological equilibrium. Nunes et al. (2011) explained that studies on the influence of crop residue left on the soil surface in the yield of wheat in succession are relatively recent, which shows the importance of the results obtained in this study.
N leaf content
The N content in wheat leaves at the beginning of silking were adequate, according to the nutritional standards recommended by Raij et al. (1996) , considered to be between 20 and 34 g kg -1
. There was interaction between vegetation cover and topdress nitrogen rates for leaf nitrogen content (Table 1) .
The unfolding of the interaction between vegetation cover and nitrogen and its effect on leaf nitrogen content are shown in Table 2 . The unfolding of the covers in the rates showed the influence of the vegetation cover in the absence of Rev. Ceres, Viçosa, v. 63, n.3, p. 394-402, mai/jun, 2016 nitrogen fertilization and at the rate of 90 kg ha -1 N. In the absence of nitrogen fertilization, corn inoculated with Azospirillum had higher leaf nitrogen content than corn without inoculation and Urochloa with inoculation. This increase may be associated with the effect the bacteria promote on root growth of plants, caused by the induction of growth-promoting substances such as auxin and cytokinin (Okon & Labandera-Gonzalez, 1994) . Hungria et al. (2011) argued that diazotrophs, besides providing the supply of nitrogen to inoculated plants, may stimulate growth and accumulation of dry matter mass, benefiting crops in succession. However, when the rate of topdress N was 90 kg ha -1 , the leaf nitrogen content was higher in the treatment where the previous crop was noninoculated corn, which was higher than the corn inoculated, than the intercroppings corn + Urochloa without inoculation, corn + Urochloa inoculated and corn inoculated + Urochloa inoculated. This result is because nitrogen is a very dynamic nutrient in the soil and plant residues, and the use of topdressed N was not optimized due to losses through leaching and volatilization, making the inoculation with diazotrophs very important for mineral nutrition and preservation of natural resources.
As for the unfolding of nitrogen rates in the vegetation cover, it was found that in the treatments where the previous crop was corn, Urochloa, Urochloa inoculated and the intercropping corn inoculated + Urochloa, the results for leaf nitrogen fitted to an increasing linear function. On the other hand, Teixeira Filho et al. (2008) , evaluating the agronomic performance of wheat cultivars in response to plant population and nitrogen fertilizer, reported that the leaf N content fitted to a quadratic function in relation to N rates, with the point of maximum N content achieved with the application of 100 kg ha -1 N. The results of this study agree with those of Teixeira Filho et al. (2010) , who reported the influence of N rates on N leaf content of wheat, obtaining linear fits in 2006 and quadratic fits in 2007, with point of maximum estimated content with the application of 163 kg ha -1 of N. Despite the positive responses of leaf N content to nitrogen fertilization, the study was conducted in an irrigated area, which helped in better fertilizer utilization and subsequently in the incorporation of this nutrient into plants. After N application, irrigation was performed with a water lamina to incorporate the nitrogen source applied (urea) because of some limitations on its efficiency.
Head number per square meter
There was interaction between vegetation cover and topdress nitrogen rates for the wheat head number (Table  1) . The unfolding of the interaction between vegetation covers and nitrogen and its effect on the head number are shown in Table 3 . Analysis of the unfolding of covers in the rates shows the influence of vegetation cover in all **, * and ns -significant at 1 and 5% probability by the F test and non-significant, respectively;
Means followed by the same letter are not significantly different by the Tukey test at 5% probability;
LSD -least significant difference by the Tukey test.
topdress N rates. When the wheat did not receive topdress N, the best result was obtained when the previous crop was corn inoculated, which was statistically different from treatments cultivated on corn straw intercropped with Urochloa, except for the treatment corn inoculated + Urochloa witthout inoculation. Topdress of 30 kg ha -1 nitrogen resulted that the treatments with the smallest ear numbers per m 2 were those managed on straw of Urochloa without inoculation, corn + Urochloa inoculated, and corn inoculated + Urochloa inoculated. However, at the rate 60 kg ha -1 nitrogen, the treatments that differed from the others, with the lowest head numbers per m 2 , were intercropped in the same way as the previous rate, but this time, those with corn inoculated + Urochloa without inoculation and corn without inoculation + Urochloa inoculated had the lowest means.
Topdress of 90 kg ha -1 N showed same trend as topdress of 60 kg ha -1 N, and the smallest head numbers per m 2 were obtained in treatments with Urochloa with or without inoculation (Table 3) . Zagonel et al. (2002) discussed that all wheat production components can benefit to a greater or lesser extent from nitrogen, except the plant population. Wheat has the characteristic of filling in gaps in the crop by producing tillers with fertile heads, making up for possible sowing problems.
The unfolding of nitrogen rates in the vegetation cover (Table 3) showed that in the treatments with the previous crops corn, corn inoculated, corn inoculated + Urochloa inoculated or corn non-inoculated + Urochloa noninoculated occurred a linear increase with topdress N rates, and that the effect of these previous covers combined with supply of 90 kg ha -1 N met the demand of wheat for the production of heads per m 2 . Moreover, the presence of Azospirillum in the soil along the wheat cycle is important for a better competition with native microorganisms, which are less efficient in colonization and biological fixation of nutrients in grasses.
However, additional nitrogen inputs have great importance for the photosynthesis, thanks to the considerable increase in pigments responsible for capturing solar energy through the thylakoid (Taiz & Zeiger, 2004) . Cazetta et al. (2007) studied the response of wheat and triticale cultivars to nitrogen in no-tillage. They observed that, in relation to topdressing nitrogen, the data fitted to a quadratic equation, in the 2004 harvest year, regardless the cultivar, with plants reaching the largest number of culms with 79.2 kg ha -1 N, and the largest number of heads with 75.7 kg ha -1 N. Teixeira Filho et al. (2010) evaluated rates, sources and times of application of nitrogen in no-till irrigated wheat. They found that the N rates positively influenced the number of heads per m 2 in 2007, and, fitted to a quadratic function, had the maximum value achieved with the estimate of 113 kg ha -1 N. In this study, despite the treatments not having showed statistical differences for the variable hectoliter mass, all values were above 78, which adds greater value to the cereal at the time of marketing (Table 1) .
Wheat grain yield
There was interaction between cover crops and topdress nitrogen rates for grain yield (Table 1) . The unfolding of the interaction between cover crops and nitrogen rates and its effect on grain yield is shown in Table 4 . The unfolding of the cover crops in the N rates showed that without the nitrogen fertilizer, the treatment with Urochloa without inoculation was inferior to the intercroppings corn without inoculation + Urochloa without inoculation and corn inoculated + Urochloa without inoculation of Azospirillum brasilense. These treatments produced about 50% more (18 sacks of wheat), which points out the importance of the crop that preceded the wheat. Topdress of 30 kg ha -1 N to the treatment of corn inoculated with Azospirillum brasilense increased significantly wheat yield (17 sacks of wheat), corresponding to 38% more in the increase of yield than that of Urochloa with and without inoculation. There were no statistical differences for the rates of 60 and 90 kg ha -1 N in the treatments with the different cover crops.
The unfolding of nitrogen rates in the cover crops showed a linear increase with topdress N application to the treatments with corn (increase of 36% -18 sacks), Urochloa (88% -33 sacks), Urochloa inoculated (60% -26 sacks) and corn non-inoculated + Urochloa non-inoculated (21% -12 sacks). These increases represent gains in yield and decrease in the use of mineral fertilizer, if integrated properly with the choice of the previous crops to provide good input of dry matter mass and at the same time not compromise the establishment of succeeding crops. The excess plant material might cause some problems related to the good establishment of succeeding plants due to the difficulty in straw-cutting operations and the correct ** and ns -significant at 1 probability by the F test and non-significant, respectively;
LSD -least significant difference by the Tukey test.;
RL -linear regression; RQ -quadratic regression; deposition of seed in the ground, allowing appropriate conditions for germination. Nunes et al. (2011) reported that the yield of no-till wheat was influenced by two factors studied (green manures and topdress nitrogen rates), with significant interaction between them. These authors pointed out that among the evaluations, the nitrogen content in wheat leaves and the number of seeds per head were the best indicators of how topdress nitrogen fertilization and green manures influenced significantly in achieving greater wheat yield.
Similarly, Cazetta et al. (2007) , studying the response of wheat and triticale cultivars to nitrogen in the no-tillage system, found that nitrogen fertilization promotes positive yield increments up to 78 kg ha -1
. They also suggest that the grain yields obtained over two harvest years, in a lowaltitude tropical region, enable the conclusion that irrigated wheat is a possible alternative for winter crop rotation.
However, the results obtained in the treatment with corn inoculated had quadratic effect, reaching the maximum at 55 kg ha -1 topdressed nitrogen, which represents an increase of 60% in the production, resulting in 30 wheat sacks for marketing. Likewise, Teixeira Filho et al. (2007) , studying the response of four wheat cultivars (IAC 24, IAC 364, IAC 370 and IAC 373) to different topdress N rates (0, 30, 60, 90 and 120 kg ha -1 ) in the form of urea, with sprinkler irrigation in the Cerrado region, found that the N rates influenced significantly the grain yield in a quadratic way.
The other cover crops showed no effects of nitrogen rates (Table 4) . Teixeira Filho et al. (2010) also reported that the N rates influenced the wheat yield in the two years of cultivation, and fitted to quadratic functions with maximum yield achieved with 121 kg ha -1 of N. Our results are in accordance with the findings of Piccinin et al. (2013) that reinforce the fact that inoculation with Azospirillum brasilense should always be associated with the nitrogen fertilization, which can favor the agronomic characteristics of wheat, contributing with additional inputs to yield. Adding to these facts, the findings of Braccini et al. (2012) confirm the hypothesis that inoculation of strains Ab-V5 and Ab-V6 of Azospirillum brasilense becomes an efficient management strategy for wheat, in order to decrease the use of nitrogen fertilizer, contribute to environment improvement, and enable the reduction of nitrogen fertilizer application on wheat by 50%, thereby reducing input and labor costs.
According to Lamothe (1998) , although it is possible to increase each component individually, compensatory phenomena often cause the components to be related, with the tendency of increasing some and decreasing others; thus, the same yield can be achieved in different ways, making it difficult to establish an optimum combination of components.
CONCLUSIONS
Wheat had increased yield when grown in succession to corn intercropped with Urochloa ruziziensis, both inoculated with Azospirillum brasilense, in the summer.
The increase in topdress nitrogen rate up to 90 kg ha -1 provides grain yield increase in irrigated wheat using the Urochloa ruziziensis, single corn and corn + Urochloa as preceding vegetation cover.
